The aim of this study was to investigate knee pain and postural stability in women with knee osteoarthritis (OA), who used postoperative home exercise program (HEP) with balance exercises. 14 women with knee OA in stage III-IV (aged 48-70 years) participated in this study before and 6 months after unilateral total knee arthroplasty (TKA). All patients performed HEP during 6 months after unilateral TKA. Data of patients was compared with healthy age-matched women (controls, n=10). Postural stability characteristics (centre of pressure (COP) displacement in the anterior-posterior (AP) and mediolateral (ML) direction, COP sway equivalent radius and area) during 30 s bipedal standing (eyes open) were recorded on two dynamographic force plates. Pain in knee joint was estimated with visual-analogue scale. COP displacement in AP direction of the operated and non-operated leg was greater (p<0.05) in women with knee OA before and 6 months after TKA compared to the controls. Knee joint pain in the operated leg reduced 70% after TKA. TKA together with HEP has an important role in preserving postural stability and reducing knee joint pain in women with III-IV stage gonarthrosis.
INTRODUCTION
Osteoarthritis (OA) is the most common joint disease worldwide [18] that appears to originate in the cartilage and affects the underlying bone, soft tissues, and synovial fluid and is mostly affecting the hand and large weight-bearing joints such as the knee [5] . It is particularly disabling when the knees are affected, because it limits the ability to walk, to rise from a chair, and to use stairs [8] .
One of the main indications of knee joint OA is pain that is incompatible with normal daily living and that does not respond to conservative treatment [10] . Patients with greater preoperative pain have more postoperative pain [2] . Hassan et al. [11] observed that knee joint pain and quadriceps strength were significant predictors of increased postural sway. Women who reported widespread pain had a 60% greater risk of falling compared to women with no or mild pain [17] .
Balance is an integral component of many activities of daily living [12] . It has been found that compared with healthy subjects, patients with knee joint OA have poor postural stability, which is associated with a decrease in functional performance [14] . Pain and muscle strength may particularly influence postural sway [11] . Impairments in knee joint proprioception have been mentioned by multiple authors [11, 14, 21] . These deficits, in combination with the ageing process, may culminate in greater impairments of balance in this patient population, compared with their age-matched and healthy counterparts [12] .
Total knee arthroplasty (TKA) is the most common treatment for stage III-IV gonarthrosis [16] . Patients with TKA also have impaired balance and movement control [19] . Osteoarthritis pathology and TKA appear to alter the proprioceptive function of the knee [6] as well as soft-tissue release during total knee replacement [1] . Changes in the proprioceptive function of the knee joint may contribute to altered balance control during standing and walking [6] .
Study of Piva et al. [19] was to determine the feasibility of balance exercise program in patients with TKA. They found that improvement was higher for gait speed, single-leg stance time, and knee joint stiffness. Research of home exercise programs with prevalence of balance exercises to improve postural stability in women with gonarthrosis has not been enough elucidated in literature. The aim of the present study was to (1) investigate postural stability and knee joint pain in women with gonarthrosis who used postoperative home exercise program (HEP) with balance exercises before and 6 months after unilateral TKA and to (2) analyze the relationship between these parameters and (3) compare the results with healthy age-matched controls.
MATERIALS AND METHODS

Subjects
14 women (mean age 60.2, SE±2.0 years; mean body mass 88.6, SE±3.6 kg; mean height 160.0, SE±1.5 cm; mean BMI 34.7, SE±1.4) with knee OA in stage III-IV by Kellgren and Lawrence [16] and 10 healthy women (controls, mean age 59.5, SE±2.1; mean body mass 66.9, SE±3.8 kg; mean height 160.0, SE±2.0 cm; mean BMI 26.7, SE±1.6) participated in this study. The patients were operated at Tartu University Hospital. A condylar prosthesis GEMINI (W. Link Gmbh and Co., Germany) was used and seven out of 14 subjects underwent right knee TKA. Average duration of knee joint pain was 6.5 years. Each patient received a home exercise program (HEP) which contained knee range of motion exercises, strengthening and stretching exercises [4] , movement control exercises, balance exercises and coordination exercises [13] . Additionally walking, bicycling and swimming were recommended. Each subject filled out an exercise diary.
Control group included 10 healthy age-matched women, who were not diagnosed with gonarthrosis and were moderately physically active.
Criteria for excluding subjects from both groups were: other musculoskeletal diseases, neurological diseases and diseases effecting balance and coordination. All of the subjects signed a written consent to participate in the study voluntarily. Ethics Committee of the University of Tartu approved the study. The research was conducted at the Laboratory of Kinesiology and Biomechanics of University of Tartu from September 2009 to March 2011. Patients participated in the study twice (1 day before surgery and 6 months after surgery), controls once.
Measures
For postural stability assessment subject was asked to stand on two dynamographic force plates Kistler 9286A (Szwitserland) during 30 seconds with right and left leg on different platform (distance between feet was 20 cm) and eyes open. Following body sway characteristics were recorded by movement analysis system Elite Clinic and SWAY  software (BTS S.p.A.): (1) COP sway displacement in the anteriorposterior (AP) (mm) and mediolateral (ML) (mm) direction; (2) COP equivalent radius (mm) and COP equivalent area (mm 2 ). All of the characteristics were normalized to the subjectʼs height (m) and foot length (mm) [3] .
Knee joint pain was assessed by visual-analogue scale (VAS) in both legs, where 0 -pain is absent and 10 -maximal pain.
Statistical analysis
Data is presented by means and standard errors (SE). Student paired ttest of MS
Excel software was used to analyze the differences between pre-and postoperative results and unpaired t-test for differences between patients and controls and patientsʼ operated and non-operated leg. Relationship between knee joint pain and postural stability was found by Spearmanʼs rank correlation. P values < 0.05 were regarded as statistically significant.
RESULTS
Knee joint pain
Knee joint pain (Figure 1 ) in the operated leg of women with gonarthrosis was significantly higher compared to the non-operated leg as well to controls before TKA (p<0.001) and after TKA (p<0.05). Pain in the operated leg was significantly lower after TKA (p<0.001) compared to the preoperative state. Figure 1 . Knee pain in women with gonarthrosis before and 6 months after TKA compared to healthy controls (average of both legs) (mean±SE). ***p<0.001; *p<0.05.
COP displacement
COP displacement characteristics in AP direction (COP AP) ( Figure  2A ) on the operated leg in women with gonarthrosis were greater compared to the non-operated leg before TKA, but the difference was not statistically important. The results in the operated leg were significantly greater compared to controls (p<0.01). A tendency of improvement (decrease) in COP AP results in patientsʼ operated leg compared to preoperative status was noted 6 months after TKA. This characteristic of the operated leg after TKA was significantly greater compared to controls (p<0.01). Increase of COP displacement in ML direction (COP ML) ( Figure  2B ) of the operated leg in patients group was preoperatively noted compared to the non-operated leg and controls, but the difference was not statistically significant. A tendency of improvement (decrease) in this characteristic of the operated leg was found 6 months after TKA compared to the preoperative results.
COP sway equivalent area and radius
COP equivalent area ( Figure 3A ) and radius ( Figure 3B ) of the operated leg in women with gonarthrosis was preoperatively greater compared to the non-operated leg and controls, but the difference was not statistically significant. A tendency of improvement (decrease) in COP equivalent area and radius characteristics of the operated leg was found 6 months after unilateral TKA compared to the preoperative results. COP sway area and radius of the operated leg were greater compared to the controls, but the difference was not statistically significant.
Correlation
A medium negative correlation (p>0.05) was found between knee pain and postural stability characteristics (Table 1) . Table 1 . Correlations between knee joint pain and operated legʼs postural stability characteristics in women with gonarthrosis before and six months after unilateral total knee arthroplasty. 
Characteristics
DISCUSSION
Main results of the present study were: (1) postural stability (COP displacement in AP direction) of the operated and non-operated leg in women with knee OA is impaired before and 6 months after TKA compared to the controls, (2) negative moderate correlation (p>0.05) was noted between knee joint pain and postural stability characters, (3) six months after TKA it is possible to assume that TKA together with home exercise program may conduce to postural stability preservation and knee joint pain reduction in women with gonarthrosis.
OA is the leading chronic condition in the elderly; it affects almost half the population over 65 years old. Joint replacement is the most effective healthcare measure in improving patient quality-of-life outcomes. The need for joint replacements will increase as the population ages [10] .
-Compared with age and sex matched controls, subjects with symptomatic knee OA have quadriceps weakness, reduced knee proprioreception, and increased postural sway (increased lateral sway with eyes open and increased lateral and anterior-posterior sway with eyes closed) [11] . The present study demonstrated that postural stability characteristics in AP direction were significantly greater in women with gonarthrosis compared to healthy controls. No difference was found between operated and non-operated leg data of COP equivalent area and radius in women with gonarthrosis.
Significantly greater sway in the OA group on a firm surface in ML direction has been previously found (eyes open) [12, 13] . In the present study ML sway decreased 13.4% after TKA compared to the preoperative result. AP sway of the operated leg decreased 14.8% after TKA compared to the preoperative result yet was greater compared to the controls (preoperatively 33.9%, postoperatively 22%).
In the present study it was found that COP area of the operated leg decreased 25.6% after TKA but was greater compared to the controls (preoperatively 32.6%, postoperatively 9.5%). COP radius of the operated leg decreased 12.4% after TKA but was greater compared to the controls (preoperatively 15%, postoperatively 3%). So it is possible to say that COP area and radius of the patientsʼ operated leg restored to the level close to control group. Tarigan with colleagues [21] found an increase in length of postural sway, postural sway velocity and area of postural sway in patients with knee OA compared with healthy subjects. Swanik et al. [20] found that TKA results in improvements in proprioreception and balance and that postural stability improved 6 months after TKA compared to the preoperative results.
Knee pain is one of the main complications after TKA [7] . In the present study we found that postoperative knee joint pain was reduced by 70% compared to the preoperative knee joint pain. Brander et al. [2] found that 18.4% of patients suffer from pain 6 months after TKA. In the present study a significant association between knee pain and postural stability characteristics was not found, but several studies have also suggested an association between knee pain and standing postural instability [9, 11] . Based on the present study it is possible to speculate that greater knee joint pain in patients with OA who also have flexion contracture may lead to greater postural sway. Also some other characteristics may influence postural stability, such as muscle strength [11] .
Deficits in components of the balance system and decreased postural control have been identified in OA patients after TKA [20] . Therefore, exercises which aim to improve impaired movement control and balance should be considered in OA patients after TKA [19] . It is possible to conclude that TKA along with HEP may conduce to postural stability preservation and knee joint pain reduction in women with gonarthrosis. The effectiveness of home exercise program has also been found by Jordan et al. [15] . Further studies are necessary to recognize whether postural stability impairments are permanent in women with gonarthrosis or will improve few years after TKA.
